Aim: To analyze the prevalence and associated oral findings of nephrocalcinosis in a group of patients affected with amelogenesis imperfecta (AI). The relationship between types of AI and nephrocalcinosis were also evaluated. Design: This study examines patients who were referred to Pediatric Dentistry Department of SDU between the years of 2002-2007 and who, upon clinical and radiological examination, were diagnosed with AI and treated. Patients were offered information about the possibility of nephrocalcinosis syndrome. Patients who agreed to have tests carried out on their renal system were advised to visit the department of nephrology at the clinic. Results: Suspicious radiopacity was observed during renal ultrasonography of a controlled number of patients with hypoplastic type AI. Laboratory results revealed low Ca values (100-300 mg/days) and normal P values (0.4-1.3 g/days). Delayed eruption, gingival hyperplasia, pulp stones and orthodontic problems were also observed in the same patient groups. Conclusion: Although renal findings were observed in a few patients, pediatric dentists are the doctors who are the first to have early contact with this patient group. Because of the potential risk of nephrocalcinosis, early diagnosis may offer good prognosis.
Introduction
Amelogenesis imperfecta (AI) describes a group of inherited disorders that affects the quality and quantity of primary and/or permanent enamel and which may be associated with morphologic or biochemical changes elsewhere in the body. Amelogenesis imperfecta may affect all or only some of the teeth in the primary and/ or permanent dentition (1) . AI shows autosomal dominant, autosomal recessive, sexlinked and sporadic inheritance patterns, as well as sporadic cases (2) . Although AI is generally considered to primarily affect dental enamel, other oral and dental stigmata which is including unerupted teeth, anterior open bite, pulpal calcifications, interradicular dentinal dysplasia, root and crown resorption, cementum deposition, truncated roots, gingival overgrowth and taurodontism have been shown to coexist (1) (2) (3) . In addition, AI is a feature of several multiorgan syndromes, but is pathognomonic of only a few (1). Nephrocalcinosis, which means an increase in the calcium content of the kidneys, is an extremely rare syndrome and its association with AI has been reported in just a few families. However the prognosis associated with this syndrome has not been established (1) .
The importance of syndrome diagnosis and recognition in this condition is in guiding pediatric dentistry, who meets this patient group in early ages, to recognize the possibility of the other anomalies in patients AI. The purpose of this study is to assess the prevalence and its associated oral findings of nephrocalcinosis in a group of AI patients.
Material and Methods
We conducted an electronic literature search on the keywords 'amelogenesis imperfecta' and 'nephrocalcinosis' and these revealed an extremely rare association of AI with nephrocalcinosis, before in the course of preparation of this paper. Twenty-eight patients, who were referred to Pediatric Dentistry Department of Süleyman Demirel University Faculty of Dentistry between the years of 2002 -2007, were diagnosed as AI after assessment of anamnesis, clinical and radiological examination by experienced. Genetic examination can not be done because of high costs. As a precautionary measure, information about nephrocalcinosis syndrome possibility was given to the patients who had treated and continued the treatments and controls. They were advised to attend to the department of nephrology clinic. Because of some problems only 17 of the patients accepted to control their renal system. Urinary system graphy, renal ultrasonography and laboratory examination which was analyzed by the same author were taken from associated clinics at the Faculty of Medicine Department of Nephrology. Patient's files were evaluated once more for delayed eruption, gingival hyperplasia, pulpal obliteration and orthodontic problems such as anterior openbite.
Results
After clinical and radiological examination 28 patients were classified by the most accepted classification system identifying three main AI types: hypoplastic, hypocalcified and hypomaturation (4) . Twenty of them were hypoplastic, 7 of them were hypocalcified and others were hypomaturation. Delayed eruption (4 patients) gingival hyperplasia (5 patients), pulp stones (3 patients) and orthodontic problems (11 patients) were observed at oral examination of 17 patients who were referred to the neprohology clinic and all of these patients had hypoplastic type AI (Fig. 1 Uriner system graphy of one patient and renal ultrasonography of 5 patients demonstrated suspicious radiopacity. Laboratory results of 3 patients showed low Ca values (100-300 mg/days) and 2 patients showed low P values (0,4-1,3 g/ days) ( Table 1 , Fig. 2A and B) . In this group, 2 of them were occuring in a sibling pair. Although siblings showed common oral findings, other 3 patients had different symptoms. These groups were followed up by nephrology departments.
Discussion
The syndrome of AI and nephrocalcinosis has been previously reported in only 14 cases (including eight siblings), (1, (5) (6) (7) (8) (9) (10) (11) (12) . Although AI and nephrocalcinosis may therefore be an extremely rare syndrome, untreated nephrocalcinosis is known to be associated with significant morbidity. Patients' family who had this syndrome was not detected until they were well into adulthood. The earlier paper appeared by Mac-Gibbon (5) in which AI and nephrocalcinosis were reported in a young woman when her 26-year-old brother with nephrocalcinosis and similar teeth died. In the cases reported, renal function was stable until the patient was 16 years of age, but progressive renal failure and death ensued. The second paper described by Lubinsky et al. (6) in 1985, in two siblings had AI and nephrocalcinosis, impaired renal concentration and possible abnormality of calcium metabolism. Hall et al. (7) described another sibling pair with autosomal recessive hypoplastic AI and nephrocalcinosis. Both had normal 24-h urinary excretion of calcium and phosphate.
More recently Hunter L et all (1) reported case in which hypoplastic AI with delayed of eruption of the permanent teeth was shown to be associated with renal calcification.
In the present cases suspicious renal findings almost was observed in 29 % patients (n:17). Possibilities of nephrocalcinosis were detected after the diagnosis of AI. The common oral characteristics are the presence of thin or absent enamel, delayed tooth eruption, presence of pulpal calcifications may be signs for the diagnosis of nephrocalcinosis (7) (8) (9) . Its importance is known to be associated with significant morbidity with unrecognized and untreated nephrocalcinosis. Due to the importance of a renal involvement, kidney ultrasound should be performed in all AI patients in order to exclude nephrocalcinosis and to determine if this alteration is exclusive of this rare syndrome or can be found in other AI forms (10) .
In some of the previous case reports, it has been suggested that children with apparently autosomal recessive AI should, at least, have a renal ultrasound examination to exclude such pathology (8, 9) . The combination of AI and nephrocalcinosis may sug- 
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gest two hypotheses. First hypothesis suggests that there is an abnormality in the interstitial matrix, which leads to dystrophic calcification in the kidney and abnormal enamel production in the teeth (7) . Another hypothesis suggests that many of the dental proteins that were believed to be tissue specific may be expressed in more than one dental tissue and also in non-dental tissues and the role of these proteins in calcium and phosphate metabolism. Further research concerning these proteins is necessary to determine if they play a role in the calcium and phosphate metabolism and renal function (10, (13) (14) (15) . Those far mutations in four genes (AMELX, ENAM, KLK4 and MMP20) have been reported to cause AI (2), but the molecular defects of all forms of AI have not yet been established. So, the dentists should based on the clinical and radiographic findings when diagnosing and planning treatment for patients with AI and all patients with AI should undergo such an examination for nephrocalcinosis. In summary, further research is necessary to clarify the genetic defect behind this syndrome, which combines two uncommon conditions, such as AI and nephrocalcinosis. The early diagnosis provided by the oral symptoms leads to a better renal prognosis. As a consenquence, pediatric dentists should be aware of this pathology.
